Molecular mechanics calculations on HIV-1 protease with peptide substrates correlate with experimental data.
Molecular models of HIV-1 protease and 21 peptide substrates with single amino acid substitutions at positions from P4 to P3' were built and compared with kinetic measurements. The crystal structure of HIV-1 protease with a peptidic inhibitor was modified to model the peptide substrate Pro-Ala-Val-Ser-Leu-Ala-Met-Thr for the starting geometry. Models were built of two reaction intermediates, HIV protease with peptide substrate and with its tetrahedral intermediate. The energy minimization used a new algorithm that increased the speed and eliminated a cut-off for non-bonded interactions. After minimization the models for substrate and tetrahedral intermediate both had root mean square deviations of 0.48 A for all atoms of the HIV protease compared to the starting crystal structure. Differences in the model structures and interaction energies for HIV protease with different substrates were analyzed. The calculated interaction energies for the 21 HIV protease-tetrahedral intermediate models gave a correlation coefficient of 0.64 with the kinetic measurements. The eight substrates with changes in the P1 and P1' residues next to the scissile bond gave the highest correlation of 0.93, while the 14 substrates with changes in P2-P2' gave a correlation coefficient of 0.86. The catalytic mechanism and factors influencing the catalytic efficiency of the different substrates are discussed in relation to the models. The predictive ability of molecular mechanics calculations is discussed in the context of the statistical mechanics analysis of the differences in free energy.